Carbon capture and storage (CCS) technologies available in the near-term for pulverized coal-fueled power plants (i.e., post combustion solvent technologies) require substantial capital investment and result in marked decrease in electricity available for sale to the grid. The impact to overall plant economics can be mitigated for new plant designs (where the entire plant can be optimized around the CCS system). However, existing coal-fueled power plants were designed without the knowledge or intent to retrofit a CCS process, and it is simply not possible to re-engineer an existing plant in a manner that it could achieve the same performance as if it was originally designed and optimized for CCS technology. Pairing an auxiliary steam supply to the capture system is a technically feasible option to mitigate the derate resulting from diverting steam away from an existing steam turbine and continuing to run that turbine at steam flow rates and properties outside of the original design specifications. The results of this analysis strongly support the merits of meeting the steam and power requirements for a retrofitted post-combustion solvent based carbon dioxide (CO2) capture system with an auxiliary combined heat and power (CHP) plant rather than robbing the base plant (i.e., diverting steam from the existing steam cycle and electricity from sale to the grid).
Introduction
The United States (US) relies heavily on fossil fuels for electric power generation, with coal-and natural gas-fueled electric power plants providing approximately 66 percent of total annual electricity generation in 2015 [1] . Arguably, coal can be characterized as the fuel of choice for satisfying Americas need for low cost, reliable and secure electricity throughout the majority of the last century. However, as the 20 th century drew to a close changing societal, environmental, market and other factors have resulted in a substantial change in the technology and fuel base of the US electric power sector. As a result, while total US electricity generation has increased slightly since 2000, coalfueled electricity generation has decreased annually, both in quantity and share. Total coal-fueled electricity generation decreased from approximately 2.0 trillion kilowatt hours (kWh) in 2000 to approximately 1.4 trillion kWh in 2015. Over the same time period, total US electricity generation grew from approximately 3.7 trillion kWh to approximately 3.9 trillion kWh with natural gas and renewables filling in the gap [2] .
Recent regulations implemented by the United States Environmental Protection Agency (USEPA) require reductions in carbon dioxide (CO2) emissions from the US electric power sector and are expected to further affect the technology and fuel mix of the Nation's electricity generating fleet. USEPA is implementing its efforts through two separate regulatory actions under the US Clean Air Act (CAA). New, modified, and reconstructed power plants are regulated under CAA Section 111(b) and existing sources under CAA Section 111(d) [3, 4] . Achieving the regulatory objectives of USEPA have significant implications for continued use of coal for electricity generation. While future energy projections indicate that coal use is expected to continue to decline over the coming decades, it will still provide a meaningful share (~14 percent) of US total electricity needs [5] .
The historical reliance on coal as a fuel for electricity power generation has been largely a result of the large base of existing coal plants, stable fuel prices, and reliability of supplies. Increasing concern over CO2 emissions have resulted in the passage of the aforementioned regulatory actions meaning that any new coal-fueled electric power plants would need to be designed with carbon capture and storage (CCS) technology. Although existing coal-fueled power plants are not explicitly required to capture carbon dioxide (the USEPA Final Rule provides a number of compliance options), CCS technologies are sure to be included in plant owners' asset planning efforts. Scrutiny of existing coal-fueled assets is likely to be greatest in regions where electricity demand is increasing, where power generators will need to find economical and reliable approaches to satisfy the combined need to build new capacity and implement carbon mitigation strategies on new and/or existing capacity beyond switching to natural gas fuel.
Numerous engineering and economic studies have been undertaken to assess performance and cost aspects of a variety of CCS technology options for coal-fueled power plants [6, 7, 8, 9] . The common findings across all the studies indicate that technologies available in the near-term for pulverized coal-fueled power plants (i.e., post combustion solvent technologies) require substantial capital investment and result in marked decrease in electricity available for sale to the grid. The impact to overall plant economics can be mitigated to some degree for new plant designs (where the entire plant can be optimized around the CCS system). However, existing coal-fueled power plants were designed without the knowledge or intent to retrofit a CCS process and it is simply not possible to re-engineer an existing plant so that it could achieve the same level of performance as if it was originally designed and optimized for inclusion of CCS technology. As a result, diverting solvent regeneration steam from the existing steam cycle results in a derate of the existing steam turbine in addition to the significant increase in parasitic load for capture system fans, pumps and compressors.
Providing an auxiliary steam supply to the capture system is a technically feasible option to mitigate the derate resulting from diverting steam away from an existing steam turbine and continuing to run that turbine at steam flow rates and properties outside of the original design specifications. Avoiding the derate allows for continued operation of the existing plant steam turbine at its highest efficiency. Providing both auxiliary steam and power mitigates both the derate and the increased parasitic load of the existing plant, allowing for continued use of existing facilities at the optimal operational point and separate optimization of the capture equipment. Designing a combined heat and power (CHP) auxiliary system for the capture plant is expected to bring other benefits such as increased efficiency, increased
